A novel tool to assess systolic asynchrony and identify responders of cardiac resynchronization therapy by tissue synchronization imaging  by Yu, Cheuk-Man et al.
A
I
T
C
H
G
Y
H
C
u
h
D
f
o
c
(
a
d
b
a
d
a
i
P
C
H
a
Journal of the American College of Cardiology Vol. 45, No. 5, 2005
© 2005 by the American College of Cardiology Foundation ISSN 0735-1097/05/$30.00
PVentricular Dyssynchrony
Novel Tool to Assess Systolic Asynchrony and
dentify Responders of Cardiac Resynchronization
herapy by Tissue Synchronization Imaging
heuk-Man Yu, MD, FRCP,* Qing Zhang, BM, MM,* Jeffrey Wing-Hong Fung, MRCP, FHKAM,*
amish Chi-Kin Chan, MRCP, FHKAM,† Yat-Sun Chan, MRCP, FHKAM,*
abriel Wai-Kwok Yip, MRCP, FHKAM,* Shun-Ling Kong, BN, MN,* Hong Lin, BM, MM,*
an Zhang, BM,* John E. Sanderson, MD, FACC*
ong Kong, China
OBJECTIVES This study was designed to investigate if tissue synchronization imaging (TSI) is useful to
identify regional wall delay and predict left ventricular (LV) reverse remodeling after cardiac
resynchronization therapy (CRT).
BACKGROUND Echocardiographic assessment of systolic asynchrony is helpful to predict a positive response
to CRT. Tissue synchronization imaging is a new imaging technique that allows quick
evaluation of regional systolic delay.
METHODS Tissue synchronization imaging was performed in 56 heart failure patients at baseline and
three months after CRT. Regional wall delay was identified on TSI images and the time to
regional peak systolic velocity (Ts) in LV was measured by the six-basal-six-mid-segmental
model. Eight TSI parameters of systolic asynchrony were computed when Ts was measured
in ejection phase or also included postsystolic shortening.
RESULTS Severe lateral wall delay occurred in 17 patients, which predicted LV reverse remodeling
(chi-square  8.13, p  0.004). Among the eight quantitative parameters of asynchrony, the
predictive values were higher for parameters that measured Ts in ejection phase than in
postsystolic shortening. The standard deviation of Ts of 12 LV segments in ejection phase
(Ts-SD-12-ejection) was most powerful to predict reverse remodeling (r  0.61, p 
0.001) and gain in ejection fraction (r  0.53, p  0.001). The area of the receiver-operating
characteristic (ROC) curve was the largest for Ts-SD-12-ejection (0.90, p  0.001), with a
sensitivity of 87% and specificity of 81% at a cutoff of 34.4 ms. The combination of lateral wall
delay with Ts-SD-12-ejection gave a sensitivity and specificity of 82% and 87%.
CONCLUSIONS Tissue synchronization imaging allows quick evaluation of regional wall delay, and combined
with Ts-SD-12-ejection provides a reliable way of predicting reverse remodeling after
CRT. (J Am Coll Cardiol 2005;45:677–84) © 2005 by the American College of
ublished by Elsevier Inc. doi:10.1016/j.jacc.2004.12.003Cardiology Foundation
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rardiac resynchronization therapy (CRT) has been proven
nequivocally beneficial for patients with advanced chronic
eart failure (HF) with prolonged QRS complexes (1–3).
espite enthusiasm of giving this therapy to patients who
ulfilled the current recommendation, nonresponse was
bserved in about one-third of patients who may not show
linical or left ventricular (LV) reverse remodeling response
2,4,5). It is appealing that electrocardiography is not an
ccurate marker of electromechanical delay, as electrical
elay may not occur in patients with left bundle branch
lock (6), whereas significant mechanical asynchrony is
bsent in nearly 30% of patients with prolonged QRS
uration (7). Recent studies have suggested the vital role of
ssessing systolic asynchrony by echocardiography to predict
mprovement of systolic function or LV reverse remodeling
From the *Division of Cardiology, Department of Medicine and Therapeutics,
rince of Wales Hospital, The Chinese University of Hong Kong, Hong Kong,
hina; and the †Department of Medicine, Alice Ho Miu Ling Nethersole Hospital,
ong Kong, China.p
Manuscript received April 29, 2004; revised manuscript received October 31, 2004,
ccepted November 11, 2004.4,5,8–11). Among various echocardiographic techniques,
issue Doppler imaging (TDI) has gained its acceptance by
irtue of the ability to define regional timing and contrac-
ility, and is highly reproducible (3–5,8–11). Recently, TDI
as evolved into another technical modality, tissue synchro-
ization imaging (TSI). Tissue synchronization imaging
ortrays regional asynchrony on two-dimensional (2D)
chocardiography by transforming the timing of regional
eak velocity into color codes, which allows immediate
isual identification of regional delay in systole by compar-
ng the color mapping of orthogonal walls. In addition,
uantitative measurement of regional delay is possible.
owever, the ability of TSI to assess systolic asynchrony
nd predict a positive response to CRT has not been
xplored. Therefore, the aims of the study were to assess if
SI is useful to predict LV reverse remodeling and im-
rovement of systolic function after CRT, and to compare
he predictive values of qualitative parameters that identified
egional wall delay and eight different quantitative TSI
arameters computed by different algorithms.
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atients. This study included 56 HF patients (mean age 66
12 years, 72% men) who received CRT and were
ollowed up for at least three months. Inclusion criteria
ncluded New York Heart Association functional class III (n
44) or IV (n  12) HF despite optimal pharmacologic
herapy, evidence of LV systolic dysfunction with ejection
raction 40%, and electrocardiographic evidence of pro-
onged QRS of 120 ms, either in the form of bundle
ranch block or intraventricular conduction delay. The
tiologies of HF were ischemic in 28 patients (50%) and
onischemic in 28 patients (50%). Atrial fibrillation was
resent in three patients. Medications included diuretics in
ll patients, angiotensin-converting enzyme inhibitors or
ngiotensin receptor blockers in 95% of patients, beta-
lockers in 72%, spironolactone in 34%, and digoxin in 18%.
erial echocardiography with TDI and strain rate imaging was
erformed before and three months after CRT. The study was
pproved and conducted in compliance with the regulations of
he ethics committee of the institution. Written informed
onsent was obtained from all patients.
iventricular device implantation. Biventricular devices
ere implanted as previously described (1–3). The LV
acing lead was inserted by a transvenous approach through
he coronary sinus into a cardiac vein of the free wall. The
V lead was placed at the lateral vein in 37 patients,
osterolateral vein in 10 patients, posterior vein in 2
atients, anterolateral branch in 3 patients, and anterior
ardiac vein in 4 patients. Thirty-eight patients received an
ttain system (Medtronic Inc, Minneapolis, Minnesota)
nd 18 patients received the Easytrak over-the-wire lead
Model 4512, Guidant Inc., St. Paul, Minnesota). Apart
rom four patients who received biventricular cardiac defi-
rillators, all the others received biventricular pacemakers
Abbreviations and Acronyms
CRT  cardiac resynchronization therapy
HF  heart failure
LV  left ventricular/ventricle
LVESV  left ventricular end-systolic volume
PSS  post-systolic shortening
ROC  receiver-operating characteristic
TDI  tissue Doppler imaging
TSI  tissue synchronization imaging
Ts-SD-12-ejection  standard deviation of Ts of the 12
LV segments in ejection phase
Ts-SD-6-ejection  standard deviation of Ts of the six
basal LV segments in ejection
phase
Ts-12-ejection  maximal difference in Ts between
any of the 2 out of 12 LV
segments in ejection phase
Ts-6-ejection  maximal difference in Ts between
any of the 2 out of 6 basal LV
segments in ejection phase
2D  two-dimensionalInSync, InSync III, Contak TR, or Contak TR2). The ctrioventricular interval was optimized by Doppler echocar-
iography for maximal transmitral diastolic filling.
chocardiography. Standard echocardiography, including
oppler studies, was performed (Vivid 5 or Vivid 7, GE
ingmed Ultrasound, Horten, Norway). The left ventricu-
ar end-diastolic volume (LVEDV) and left ventricular
nd-systolic volume (LVESV) and ejection fraction were
ssessed by biplane Simpson’s equation using the apical
our- and two-chamber views. Cardiac output was assessed
y pulse-wave Doppler echocardiography over the LV
utflow tract by continuity equation. The dp/dt was
stimated from the continuous-wave Doppler for mitral
egurgitation velocity curve. Myocardial performance index
as calculated as the sum of isovolumic contraction and
elaxation time divided by LV ejection time (5,9). Sphericity
ndex was calculated by dividing the maximum long-axis by
he maximum short-axis dimension (5,9). The severity of
id-systolic mitral regurgitation was assessed by the per-
entage jet area relative to the left atrial area in the apical
our-chamber view. At least three consecutive beats of sinus
hythm were measured and the average value taken.
Tissue Doppler imaging was performed using apical four-
hamber, apical two-chamber, and apical long-axis views for
he long-axis motion of the ventricles (3,5,12). Two-
imensional echocardiography with TDI-color imaging views
as optimized for pulse repetition frequency, color saturation,
nd sector size and depth and allowed a highest possible frame
ate. At least three consecutive beats were stored and the
mages were analyzed offline for TSI by a customized software
ackage (EchoPac for PC, GE Vingmed Ultrasound).
Tissue synchronization imaging is a parametric imaging
ool derived from 2D TDI images. It automatically calcu-
ates and color-codes the time to peak tissue velocity (Ts) in
very position in the image with reference to the QRS signal
3,5,7). The TSI algorithm detects positive velocity peaks
ithin a specified time interval, and the color coding ranges
rom green (earliest), yellow, orange, to red (latest) within
his interval. The algorithm uses the automatically detected
RS onset as a reference. With the event timing tool, the
ime from the onset of the QRS to the aortic valve opening
r closure was first measured in a separately recorded
oppler spectrum or M-mode through the valve. Then in
SI mode, the event timing tool allows the start and end
imes of TSI to be adjusted manually to align with the
orresponding aortic valve opening and closure markers on
lectrocardiogram. In this way, only the peak systolic
elocities in the ejection phase will be measured. Subse-
uently the end times of TSI were extended into early
iastole to measure for possibly a higher velocity peak after
ortic valve closure, i.e., post-systolic shortening (PSS). For
ualitative assessment, the wall with most severe delay was
dentified on the basis of TSI at the three apical views. This
as defined as the presence of red (occasionally orange)
olor-coding in at least one segment of that wall.
A quantitative measurement tool allowed numerical cal-ulation of the median time to peak velocity within a 6-mm
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March 1, 2005:677–84 Identifying CRT Responders by TSIiameter circular region of interest manually positioned
ithin the 2D TSI image. The six-basal-six-mid-segmental
odel was used (3,5). The myocardial velocity curves were
onstructed with the TSI images simultaneously when
ecessary to confirm the pattern of myocardial motion.
eproducibility of TSI and TDI was calculated in 120
onsecutive measurements. The intra- and interobserver
ariability was 4.2% and 5.9%, respectively, for TSI, and
.3% and 4.9%, respectively, for TDI. Eight parameters of
ystolic asynchrony were computed by the software. De-
ending on the setting of the TSI interval, these parameters
ncluded the assessment of segmental Ts only in ejection
hase or also included PSS when it was present. Parameters
hat assessed only ejection phase included:
Standard deviation of Ts of the 12 LV segments (Ts-
SD-12-ejection)
Standard deviation of Ts of the 6 basal LV segments
(Ts-SD-6-ejection)
Maximal difference in Ts between any 2 of the 12 LV
segments (Ts-12-ejection)
Maximal difference in Ts between any 2 of the 6 basal
igure 1. Tissue synchronization imaging (TSI) on three apical views show
rolonged QRS duration. The TSI method was set up to measure the time
hen transformed into various color coding depending on the severity of
esynchronization therapy (CRT), this patient had severe delay over the bas
evere delay over the whole inferior wall (red color in two-chamber view),
n long-axis view). (B) Three months after CRT, corresponding views sho
he lateral and inferior wall (green to yellow). The cine loops of TSI
ww.onlinejacc.org.LV segments (Ts-6-ejection) Pimilarly, the four corresponding parameters that also as-
essed Ts in PSS were called Ts-SD-12-PSS, Ts-SD-6-
SS, Ts-12-PSS, and Ts-6-PSS, respectively. All these
ndices were automatically calculated by the dedicated soft-
are (EchoPac for PC) with the use of preset equations.
hese values were computed when all the 12 LV segments
ere sampled on the 2D TSI images.
he presence of extensive regional wall delay in a heart failure patient with
eak myocardial systolic velocity (Ts) at ejection phase. The Ts values were
, in the sequence of green, yellow, orange, and red. (A) Before cardiac
id-lateral wall and the whole septal wall (red color in four-chamber view),
oderate to severe delay over the whole posterior wall (orange to red color
dramatic improvement of these delays, with only mild residual delay over
es at four-chamber view before and after CRT are available online at
able 1. Comparison of Parameters of Systolic Asynchrony
erived by TSI Between Responders and Nonresponders of
eft Ventricular Reverse Remodeling
Nonresponders
(n  26)
Responders
(n  30) p Value
s-SD-12-ejection 29.2  8.1 47.3  11.9 0.001
s-SD-6-ejection 26.6  8.4 42.9  16.3 0.001
s-12-ejection 83.7  22.1 133.9  36.3 0.001
s-6-ejection 65.5  17.1 105.2  39.3 0.001
s-SD-12-PSS 87.7  63.1 125.0  58.1 0.025
s-SD-6-PSS 72.7  69.3 119.1  64.5 0.012
s-12-PSS 232.8  148.1 326.4  129.9 0.015
s-6-PSS 168.3  148.7 278.5  148.7 0.008ing t
to p
delay
al to m
and m
wed
imagSS  post-systolic shortening; TSI  tissue synchronization imaging.
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Identifying CRT Responders by TSI March 1, 2005:677–84tatistics. For the comparison of parametric variables be-
ore and after CRT, paired sample t test was employed. The
omparison of echocardiographic parameters between pa-
ient groups was performed by unpaired t test or chi-square
est where appropriate. Correlation analysis was used to
ompare the relationship between TSI parameters of sys-
olic asynchrony and the change of LV end-systolic volume
r ejection fraction after CRT by comparing the Pearson
orrelation coefficients, and receiver-operating characteristic
ROC) curves were also analyzed. All data were expressed as
ean  SD. A p value 0.05 was considered statistically
ignificant.
ESULTS
V reverse remodeling and cardiac function. There was
ignificant improvement in cardiac function after CRT for
hree months. This was evidenced by the gain in ejection
raction (26.1  9.3% vs. 34.2  10.8%, p  0.001),
dp/dt (644  193 vs. 893  307 mm Hg/s, p  0.001),
nd decrease in myocardial performance index (1.02  0.36
s. 0.87  0.26, p  0.004). Left ventricular reverse
emodeling was evident with reduction of LVESV (134 
8 vs. 107  61 cm3, p  0.001) and end-diastolic volume
178  75 vs. 155  71 cm3, p  0.001) and increase in
phericity index at end-systole (1.77 0.25 vs. 1.94 0.39,
 0.001) and end-diastole (1.61  0.20 vs. 1.73  0.28,
 0.001). Mitral regurgitation was also reduced (30 
0% vs. 22  19%, p  0.001).
atterns of regional wall delay by TSI and its correlation
ith reverse remodeling. Two-dimensional TSI that eval-
ated regional wall delay qualitatively in ejection phase
howed a heterogeneous pattern of delay before CRT.
ajority of patients had more severe delay in one LV wall
40 of 56, 71%). Significant delay in 2 walls was evident in
4 patients (25%), whereas severe delay in 3 walls was seen
n 2 patients (4%). The commonest site of most severe delay
as the inferior wall (25 of 56 patients, 45%). This was
ollowed by lateral wall (17 patients, 30%), posterior wall
14 patients, 25%), septal wall (9 patients, 16%), anterior
all (6 patients, 11%), and anteroseptal wall (3 patients, 5%)
Fig. 1). For inferior wall delay, 9 out of 25 patients had
ccompanying delay of other walls. Only the presence of
ateral wall delay at baseline was associated with a positive
everse remodeling response (defined as a reduction of
VESV 15% 3 months after CRT). In the responders, 14
f 30 patients (47%) had a lateral wall delay, whereas this
ccurred only in 3 of 26 (12%) nonresponders (defined as a
eduction of LVESV 15%) (chi-square  8.13, p 
.004). Therefore, the presence of most severe delay in
ateral wall gives a sensitivity of 47% and specificity of 89%
o predict reverse remodeling. Lateral wall delay was present
n eight patients with ischemic and nine with nonischemic
tiology of HF. prediction of reverse remodeling and improvement of
ystolic function by TSI. A comparison of various TSI
arameters of systolic asynchrony between responders and
onresponders of LV reverse remodeling is shown in Table
. In general, all the TSI parameters were significantly
igher in the responders than nonresponders, illustrating
ore severe systolic asynchrony in the responders. However,
he differences were more significant in those parameters
here Ts were measured only in the ejection phase than
hose that included PSS. There was a very close correlation
etween Ts measured by myocardial velocity curves of TDI
n ejection phase and Ts measured by TSI (r  0.97, p 
.001). In addition, the Ts-SD-ejection derived from myo-
ardial velocity curves of TDI correlated very closely with
hose derived by TSI (r  0.93, p  0.001) (Fig. 2). A
umber of TSI-derived parameters of systolic asynchrony
ere tested on their predictive value of LV reverse remod-
ling (% reduction in LVESV) and improvement of systolic
unction (absolute gain in ejection fraction). In general, TSI
igure 2. The relationship between Ts (A) and Ts-SD (B) measured by
yocardial velocity curve of tissue Doppler imaging and tissue synchroni-
ation imaging (TSI) in ejection phase. Ts  time to peak myocardial
ystolic velocity; Ts-SD  standard deviation of time to peak myocardial
ystolic velocity of the 12 left ventricular segments.arameters that measured Ts only in ejection phase were
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March 1, 2005:677–84 Identifying CRT Responders by TSIonsistently better than those that also included the PSS
hase for prediction of both reverse remodeling and gain in
jection fraction (Table 2). Among TSI parameters that
easured Ts only in ejection phase, the Ts-SD-12-ejection
nd Ts-12-ejection were good predictors of LV reverse
emodeling (r  0.61 and 0.60, both p  0.001), and
ere consistently better than Ts-SD-6-ejection and Ts-6-
jection (both r0.53, both p 0.001) (Table 2, Fig. 3).
or corresponding TSI parameters that also measured Ts in
SS, the predictive values were substantially reduced.
able 2. Correlation Analysis Between Parameters of Systolic
synchrony Measured by TSI and LVESV or Absolute Gain
n Ejection Fraction after CRT
LVESV
Ejection
Fraction
r p Value r p Value
s-SD-12-ejection 0.61 0.001 0.53 0.001
s-SD-6-ejection 0.52 0.001 0.33 0.01
s-12-ejection 0.60 0.001 0.53 0.001
s-6-ejection 0.53 0.001 0.33 0.01
s-SD-12-PSS 0.38 0.004 0.36 0.007
s-SD-6-PSS 0.40 0.003 0.31 0.02
s-12-PSS 0.42 0.001 0.39 0.003
s-6-PSS 0.43 0.001 0.34 0.01
RT  cardiac resynchronization therapy; LVESV  change in left ventricular
nd-systolic volume; other abbreviations as in Table 1.igure 3. A scatter plot of the change in left ventricular end-systolic volume (LV
ynchronization imaging (TSI) parameters. (A) Ts-SD-12-ejection; (B) Ts-SDherefore, when the ROC curves were compared among all
he TSI parameters, the areas were highest for Ts-SD-12-
jection and Ts-12-ejection (0.90 and 0.91, both p 
.001), which were followed by Ts-SD-6-ejection and
s-6-ejection, and were lowest for all TSI parameters that
ncluded PSS (Table 3, Fig. 4).
For prediction of gain in ejection fraction (Tables 2 and
), as similar to reverse remodeling, the predictive values
ere consistently higher for TSI parameters that measured
s in ejection phase than when PSS was included. In
ddition, those parameters that measured 12 LV segments
ere more powerful than those that measured 6 LV seg-
ents at the base.
The sensitivity, specificity, and cutoff values derived from
OC curves for each of the TSI parameters are listed in
able 3. The Areas of Receiver-Operating Characteristic
ROC) Curves of Various Parameters of TSI for the Prediction
f Change in Left Ventricular End-Systolic Volume after
ardiac Resynchronization Therapy
TSI (Ejection Phase) TSI (PSS)
ROC Area p Value ROC Area p Value
s-SD-12 0.90 (0.82–0.99) 0.001 0.69 (0.55–0.83) 0.01
s-SD-6 0.79 (0.67–0.91) 0.001 0.74 (0.61–0.88) 0.002
s-12 0.91 (0.84–0.99) 0.001 0.70 (0.57–0.84) 0.01
s-6 0.80 (0.68–0.92) 0.001 0.75 (0.62–0.88) 0.002
bbreviations as in Table 1.Vs) and severity of systolic asynchrony as measured by the following tissue
-12-PSS; (C) Ts-SD-6-ejection; (D) Ts-SD-6-PSS.
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Identifying CRT Responders by TSI March 1, 2005:677–84able 4. The TSI parameters that measured Ts in ejection
hase had reasonably good sensitivity and specificity for
redicting reverse remodeling. On the other hand, the
orresponding parameters that measured Ts, including the
SS, were suffering from low specificity for similar sensi-
ivity. Combining Ts-SD-12-ejection with either Ts-12-
jection or Ts-6-PSS was attempted to examine if that
ould improve the predictive value (Table 4). The Ts-6-
SS was chosen as it was the best-performing parameter
mong those that included the PSS phase. It appeared that
ombining two parameters in the ejection phase did not
ignificantly alter the predictive values. The Ts-SD-12-
jection combined with Ts-6-PSS, although resulting in an
ncrease in sensitivity, resulted in undesirably low specificity
Table 4). On the other hand, combining Ts-SD-12-
jection and qualitative assessment of lateral wall delay was
igure 4. The receiver-operating characteristic curves for identificatio
esynchronization therapy for the following tissue synchronization imaging
D) Ts-SD-6-PSS.elpful (Fig. 5). If Ts-SD-12-ejection was computed only phen lateral wall delay was absent, such algorithm gave a
ensitivity of 82% and specificity of 87%.
ISCUSSION
dentifying nonresponders to CRT is a challenge to physi-
ians (3–5). This study compared a number of parameters
hat assessed systolic synchrony by TSI to predict LV
everse remodeling and improvement of ejection fraction.
or quantitative analysis, the predictive value for a positive
esponse to CRT by TSI is higher when Ts in ejection
hase only (rather than including PSS) were measured, in
articular when 12 (rather than 6) LV segments were
nalyzed. Furthermore, qualitative assessment of lateral wall
elay is helpful.
Left ventricular reverse remodeling is the structural
left ventricular reverse remodeling in patients who received cardiac
eters. (A) Ts-SD-12-ejection; (B) Ts-SD-12-PSS; (C) Ts-SD-6-ejection;n of
paramremise to reveal the improvement of cardiac function and
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March 1, 2005:677–84 Identifying CRT Responders by TSIentricular hemodynamics (13,14). Among various param-
ters of reverse remodeling, LVESV was demonstrated to
e the most powerful predictor of clinical outcome (13,14).
n patients receiving CRT, previous studies consistently
eported a reverse remodeling response (3,15,16). Despite
hese positive results, lack of response to CRT occurs in
ore than one-third of patients receiving the therapy (3,15).
he absence of systolic asynchrony despite prolonged QRS
uration is the key factor if LV leads are placed appropri-
tely over the free wall region (6,7). Therefore, a number of
ecent studies aiming to identify nonresponders of CRT
ere based on various echocardiographic techniques, in
articular TDI (5,9,10). This study confirmed previous
able 4. The Cutoff Values of Each Parameter of Systolic
synchrony Measured by Tissue Synchronization Imaging for
he Prediction of Reverse Remodeling With Corresponding
ensitivity and Specificity
Cutoff
(ms)
Sensitivity
(%)
Specificity
(%)
s-SD-12-ejection 34.4 87 81
s-SD-6-ejection 34.5 70 92
s-12-ejection 105 83 85
s-6-ejection 78 73 77
s-SD-12-PSS 70 70 46
s-SD-6-PSS 40 87 61
s-12-PSS 250 70 50
s-6-PSS 102 87 61
s-SD-12-ejection AND 34.4 AND 83 89
Ts-12-ejection 105
s-SD-12-ejection OR 34.4 OR 87 77
Ts-12-ejection 105
s-SD-12-ejection AND 34.4 AND 77 89
Ts-6-PSS 102
s-SD-12-ejection OR 34.4 OR 93 69
Ts-6-PSS 102
ateral wall delay Yes or no 47 89
Lateral wall delay, then Yes or no, 82 87
Ts-SD-12-ejection THEN 34.4
bbreviations as in Table 1.
igure 5. Suggested algorithm for assessing systolic asynchrony by tissuem
ynchronization imaging (TSI) to predict reverse remodeling. 2D 
wo-dimensional; SD  standard deviation.otions that the relative lack of systolic asynchrony is the
ain reason for the occurrence of volumetric nonresponders
9,11,15).
Previous studies observed that measuring Ts from myo-
ardial velocity curves of TDI was very useful for quantita-
ive assessment of systolic asynchrony (3,5,11). In particular,
he asynchrony index (i.e., Ts-SD) was the single most
owerful predictor of LV reverse remodeling after CRT
5,11). Tissue synchronization imaging is a technologic
dvancement in the assessment of systolic asynchrony by
ransforming the Ts into different color-coding. It has the
dvantage of providing a visual aid for quick identification
f regional delay in the LV, even on 2D images.
The present study validated the good correlation between
s or Ts-SD derived from myocardial velocity curve of TDI
nd TSI in ejection phase. Furthermore, the Ts-SD-
jection had a high predictive value for LV reverse remod-
ling and improvement of systolic function. Also, the
redictive values were better when 12 rather than 6 seg-
ents were assessed: the more, the better. With the pre-
nstallation of equations to compare various parameters of
synchrony and the advancement of computer hardware, it
ill take only a few minutes to measure Ts of 12 segments
rom three apical views to calculate the Ts-SD and Ts-12
utomatically. If the time spent in these measurements is
oing to predict a positive response to CRT more accu-
ately, it will be highly justified when balancing between the
ime and efficacy of the procedure. This is particularly valid
or employing TDI as Ts is a highly reproducible signal in
yocardial velocity curve (3,5,7). Whether there is a need to
ursue “simpler” parameters of systolic asynchrony at the
xpense of reducing diagnostic accuracy becomes dubious,
n particular when the time saved may be only a few
inutes.
Another interesting finding is that parameters that mea-
ure PSS (if present) are inferior to Ts, which measures only
jection phase. A previous study observed that counting the
umber of basal LV segments with PSS correlated rather
losely with LV reverse remodeling (10). However, such a
ethod is semiquantitative and makes it hard to define the
utoff value of predicting a favorable response to CRT. Our
odified method tried to examine whether quantitative
ssessment of timing by TSI that included PSS was a good
redictor of volumetric response. To our disappointment,
he correlation coefficient and areas of ROC curves were
nfavorably reduced. Because of such limitations, combin-
ng any of the Ts parameters that included PSS did not
ncrease the yield of Ts-SD-ejection.
Examination of wall delay in TSI-coded 2D images in
jection phase also provided new insight for the pattern of
ystolic asynchrony. In these patients, severe asynchrony
ould occur in single or multiple walls. Interestingly, al-
hough the LV lateral wall was not the commonest site of
ost severe delay, it was the only region that predicted a
ositive response to CRT with high specificity. This assess-
ent is also a fast and easy one to perform. Therefore, we
s
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Identifying CRT Responders by TSI March 1, 2005:677–84uggest the following algorithm of echocardiographic exam-
nation to quickly identify potential responders of CRT
Fig. 5). If TSI images in ejection phase show that delay is
orst at the lateral wall, the patient has a high likelihood to
how reverse remodeling response, and quantitative mea-
urement may not be necessary. In the absence of severe
ateral wall delay or presence of severe delay in sites other
han the lateral wall, it is recommended to measure Ts-SD-
2-ejection where a value above the cutoff of 34.4 ms is
ikely to predict a positive response.
In conclusion, TSI is a useful echocardiographic method
o predict a reverse remodeling and gain in ejection fraction
fter CRT. Qualitative identification of lateral wall delay is
quick and specific guide to predict a favorable response. In
he absence of lateral wall delay, quantitative computation of
synchrony index from 12 LV segments in ejection phase is
eneficial.
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